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INTRODUCTION 


__ From time to time the Bureau: of Mines receives requests for infor- 
cn and advice regarding the safety of using internal-combustion 

nes operated on butane fuel as prime movers for haulage and other 
Ses In mining and tunneling. a ' 


Mees purpose of this circular is to discuss the properties of butane 
ee data in regard to the possible use of this fuel in underground 


Pan information on the use of commercial butane as a fuel for 
a hutar ustion engines indicates that, insofar as performance is con- 
“ever. th i may be utilized satisfactorily and efficiently for this purpose. . 
. a airoduction of a volatile, inflammable material such as butane 
i exlogi Paces Such as mines or tunnels would create potential fire 

~ Sion hazards that should be given due consideration by those con- 


0 Wi ° i 
th the Promotion of safe practices. 


: — ConSideration is that the combustion of any hydrocarbon 

amble uanhtee mn bustion engine may result in the discharge of con- 

aust ik ties of the toxic gas, carbon monoxide, from the engine 

ie Can, and has, produced atmospheres decidedly dangerous to 
ereround Working places. = si ds 


Th ee | 
ines stra “au of Mines always has advised against the use of gasoline 
*stound because of the fire and explosion hazards attending 


Te 
‘ena Mines will welcome reprinting of this paper provided the 
ey oe acknowledgment is used: “Reprinted from Bureau > 
“lemist Ga ormation Circular 7284.” whe 
Mines. yd Dust Section, Ceritral Experiment Station, Bureau ‘of 
Chief che Pittsburgh | Pa. oe 


Chem 
a ist, Health Division, Bureau of Mines. 
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the handling and use of the fuel, and because of the possibility of dangers. 
contamination of the air of working places by carbon monoxide from the 
engine exhaust. This opinion is expressed in Decision 19 of the Mine 
Safety Board of the Bureau of Mines4/ regarding the use of internal-com- 
bustion engines for mine haulage. The essential portions follow: _ 


“In the interest of safety, the United States Bureau of Mines recom. 
mends that: | | 


“4. Internal-combustion engines should not be used in any parts of 
mines and also should not be used in tunnels under construction because « 
the hazard of carbon monoxide in the exhaust gases, except - 


‘“(a) When the air current is more than 100 linear feet per 
aes and the toxic gases are ae less than 0.02 percent in 
the air current. 


| ““(b) When the inflammable gas in the air current is less 
than 0.25 percent and (or) inflammable gas cannot be detected in 
any place by a permissible flame safety lamp. 


‘“*2. Gasoline or other highly inflammable liquids should not be us 
for engine fuel in mines and in tunnels under eons ucuon because of the 
neuer? of their ee eee and | use,’ 


In sadidon to. this decision b ‘the Bureau of Mines, many State law: 
or Per aes nr regulations!/ have forbidden the use of gasoline cz 
other fuel-consuming :engines. in:mines.. | 


Subsequent discussion of the sicaailiaas of butane fuel shows that it 
use in mining:or tunneling operations may create potential hazards com- 
parable to. Ue ete neine Me use. of Besos underground. 


PROPERTIES OF BUTANE FUEL 


The fuel known commercially as “‘butane”’ neually consists of a mi 
ture of propane, normal butane, and isobutane, gases that are obtained in 
the processing of natural'gas and petroleum, In this circular the term 
“butane” is. used to refer to such a mixture, As all of these hydrocarbe 


4/ . “Vine Saiety Board, "Recommendations of the United States Bureau of 
Mines on Certain Questions of Safety as of October 1, 1936: Bures 
-of Mines Inf. Circ. 6946, June 1937, 45pp. 7 

o/ Isley, L. C. and Gleim, E.J., State Renuations Pertaining to the Uss 
Internal-C ombustion. Engines in Coal and Metal Mines and in Tun: 
Bureau of Mines Inf. Circ. 7019, 1938, 8 pp. 
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aseS at ordinary temperatures and pressures, butane fuel usually is 
os liquefied under pressure in metal tanks. Properties of propane, 
realbutane, and isobutane that are pertinent to the present discussion 
iver in table 1, which contains also, for comparative purposes, some 


certies of easoline. 


NECUSSION OF PROPERTIES OF BUTANE FUEL AND 
COMPARISCN WITH PROPERTIES OF GASCLINE 


As shown in table 1, there is some difference between certain prover- 
ithe principal hydrocarbons comprising butane fuel, and therefore the 
{atles of the commercial product will vary to some extent depending on 
(ropertion of each hydrocarbon present in a particular fuel. There is, 
‘ver, enough Similarity in the properties of propane, normal butane, and 
‘ane to draw definite conclusions in regard to their characteristics as 


“ening to hazards that might be created by their use underground. 


nme 


ihe data on vapor pressure given in table 1 show that at temperatures 
‘say exist underground, say 60° F., the constituents of butane fuel will 
£2385 unless confined under: pressure, as the vapor PRGe Sure exceed 1 
iaphere (14.7 lb./sq. in. at sea level), . 


from the data on heat values of butane fuel and gasoline, it may be 

“1 nat approximately the same weight of butane fuel or gasoline would 
°70 be used underground to obtain a given quantity of power from a 
‘engine. (This assumes that over-all efficiency is the same for butane 
~f and gasoline engines; actually efficiency will vary for either type - 
°, depending on design and adjustment of the engine.) Onaliquid- 
-“€ basis it may be noted that, because of the smaller weight per gallon, 
faer Quid volume of butane fuel would have to be used underground to 


= svailable.a given quantity of heat energy. 


In regard to the limits of inflammability of the gases comprising butane 
21d of gasoline vapor, there is not enough difference between this char- 
‘T.ctic of the two fuels to warrant a belief that butane fuel presents a 
ot shee and a hazard than gasoline because of the slight difference 
In this connection it is pointed out that butane 
“ing maecas at ordinary temperatures and pressures, might create a 
‘cd explosion hazard immediately if some of the fuel should be dis- 
v4 accidentally into the air of underground workings, whereas liquid 

-€ Spilled or leaking underground would have to evaporate before an 


oN 


“nab @ rnixture would be formed with the surrounding air. 
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Tne potential hazard of using butane fuel underground is illustrated 
“er by the last item in table 1, which shows that a given weight of 
a¢ fuel discharged into the atmosphere of an underground working 
-newould create approximately a 40 percent greater volume of inflamma- 
imxture than would the same weight of gasoline. 


PRODUCTION OF CARBON MONOXIDE IN THE 
COMBUSTION OF BUTANE FUEL 


rroduction of carbon monoxide by an internal-combustion engine 
ied on butane or any hydrocarbon fuel depends upon the proportions 
_ &rand fuel supplied to the engine by the carburetting device. If this 
_ Hue of air and fuel does not contain enough oxygen for complete com- 
Siu, carbon monoxide and other products of incomplete combustion 
Ice present in the exhaust gases of the engine. 


Relerences to the use of engines operated on butane fuel have been 
_eiwhich state that less carbon monoxide is produced with the butane 
.@ than with the gasoline engine. While this may be true of engines 
“euly adjusted and operated, it is emphasized that such operation is 
-imherent characteristic of engines operated on butane fuel. There 
; tite published information on the composition of the exhaust gases pro- 
ea by butane engines, but such analyses as have come to the attention 
3 kes Sureau of Mines have indicated a wide range in concentration of car- 
cconoxide. In some instances the analyses have indicated essentially 
“= .cte combustion with production of very small quantities of carbon 
og je, whereas in other cases the exhaust has contained carbon mon- 
> in concentrations as high, or higher, than the average gasoline engine 
ces, Samples collected in 1943 from the exhaust of trueks powered 


“ane engines and analyzed by the Bureau of Mines contained 8 to 11 
ect carbon monoxide. 


gD. +2. of 


* further consideration in regard to the composition of the exhaust 

£ butane engine is that, even though the carburetting device of the 
” “were adjusted to minimize production of carbon monoxide, toxic 
“Ss of nitrogen might be formed in quantities that would cause signifi- 
S en of the air of underground working places. Although no 
: “lative data are available on production of oxides of nitrogen by 
“=S Cperated on butane fuel, it seems reasonable to assume that such 
~'"ngs are present in the exhaust, as the exhausts cf both gascline and 
"1 engines contain appreciable concentrations of oxides of nitrogen. 


‘SP. CF GAS IGNITIONS BY INTERNAL-COMRUSTION ENGINES 


&lthe 


haa ugh not peculiar to engines operated on butane, attention is di- 


the fact that any internal-combustion engine nut equipped with 


sith sin 
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effective flame arresters on the intake and exhaust systems, and explosi:: 
proof or nonarcing electrical equipment, may act as a source of ignition « 
methane or other inflammable gases that may be liberated from the straiz 
in underground workings. This fact is considered in item 1 (b) of Mine 
Cafety Board Decision 19, previously cited. 


SUMMARY 


i, The use of internal- combustion engines operated on gasoline ior 
underground haulage is advised against by the Bureau of Mines, and is for 
bidden by many State mining laws. 


2, The hazards that may attend the use of internal-combustion 
engines operated on butane fuel in mining and tunneling are discussed, 
and the properties of butane fuel are compared with those of gasoline. 


3. The potential fire and explosion hazard that might result from 
escape of butane fuel into the air of underground working places is consi 
ed somewhat greater than that of gasoline because of the greater volatil:: 
of butane fuel and the fact that a given weight of this fuel will create a 12° 
volume of inflammable gas-air mixture than will the same weight of gasc 


4. While it may be possible to operate butane engines with produ 
of little carbon monoxide, such operation is not an inherent characterist. 
of butane engines, and can be realized only by careful adjustment of the 
engines, Some samples of butane engine exhaust gas analyzed by the Fu 
of Mines have contained carbon monoxide in concentrations equal to, or 
possibly greater than, those produced by the average gasoline engine. 


7 0, Even though a butane engine was adjusted and operated ina me 
that minimized production of carbon monoxide, the exhaust might contaln 
oxides of nitrogen in sufficient quantity to cause significant contaminatic 
of the air of underground working places. 


6. Any type of internal-combustion engine not fitted with Suitable | 


tective devices may be a potential source of fires or of ignition of infle: 
ble gas liberated from the strata in underground workings. 


CONCLUSION 
The use of internal-combustion engines operated on butane fuel in 


underground operations such as mining or tunneling is not considered 4 
Safe practice by the Bureau of Mines. 
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